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JAMES D. TRASK
In pediatric clinics interest is conventionally centered about
problems peculiar to infancy or childhood. Obviously this point
of view is necessary for the adequate care of patients and it has been
the stimulus for many important studies. A more liberal view
could perhaps be taken in the case of certain specific infectious dis-
eases which occur throughout life, and which exhibit varying clinical
features that can be correlated with age. Comparative anatomy
magnifies the appearance and disappearance of organs that are recog-
nized and then lost in embryonic development; similarly compara-
tive immunology might show recognized phenomena more clearly
or even make possible the formulation of new biologic principles.
It was on the basis of comparative immunology that Metchnikoff
founded the school of cellular immunity. The fantastic advocacy,
ofthis, against the humoral school, developed our present knowledge
of anti-microbial defense. Metchnikoff wrote1, "At a period when
medical men and veterinary surgeons were content to record the
presence of Bacteria in the blood of their patients without attributing
to them the slightest etiologic role, botanists and zoologists had
already proved most definitely that many plants were subjected to
epidemic diseases, undoubtedly set up by the parasitism of various
exceedingly simple organisms."
It is not clear that Metchnikoff's technic of investigation-a
method of comparative study-has ever been applied in the clinic.
At any rate it has not thus been employed in the past ten or fifteen
years during which time the general concept of anaphylaxis has been
extended, ideas of serologic specificity and of bacterial mutation and
virulence have been consolidated, notions about the mechanism of
disease have been formulated, and bacterial antigens have been ob-
tained as pure chemicals. With the newer knowledge concerning-
the variability of the parasite one should reconsider variability of the
host.
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In the infectious disease clinic one could make use of the method
of comparative immunology by applying a bacteriologic or immuno-
logic technic to measure a feature of disease, the results to be cor-
related with age. As a case in point let us consider the specific
toxemias, taking scarlet fever as an example because there is consid-
erable data on the toxic aspect of the disease. These facts can be
applied from the point of view under discussion, namely, that of
comparative immunology.
The test, devised by Dick and Dick2, for susceptibility to the
disease is carried out by inoculating intracutaneously a standard
amount of scarlet fever toxin. If a local redness develops during
the next day, the test is positive; if it does not, the result is negative.
A positive test is supposed to indicate that the individual possesses
insufficient antitoxin to neutralize the toxin. A negative test is taken
to indicate the reverse. Singularly enough this test is clearly posi-
tive only in man, perhaps occasionally in a certain breed of goats,
but even here it is not as definite as in man. Although Dochez3
had observed that laboratory animals were peculiarly immune to the
toxin, he and Sherman4 were able to show that although rabbits
were normally non-reactive, they could be artificially sensitized and
rendered reactive to the toxin, in which case the reaction could be
neutralized by scarlet fever antitoxin. This was a conception of a
new phase of hypersusceptibility, but at the time the idea was not
applied in the clinic. For practical purposes the Dick test works,
and in general may be taken as an index of susceptibility to the
disease.
If the age incidence of scarlet fever is compared with the age
incidence of positive Dick tests, a general similarity between the two
may be seen. In the central age group the correlation between the
lack of humoral antitoxin and skin susceptibility to toxin seemed to
fit with the facts observed and not much attention was paid to the
extremes of life. Even now no detailed study has been made of
the older age group. A critical study of the situation in the new-
born and in early infancy has, however, been made by J. V. Cooke.5
In a study of the Dick test and of the presence of humoral anti-
toxin in 200 mothers and new-born infants Cooke obtained results
which were corroborated by E. E. Nichols' at the New Haven Hos-
pital. The infants possessed or failed to possess antitoxin in con-
formity with their mothers. If the mothers had antitoxin they
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gave a negative Dicktest; if they failed to have antitoxin the test was
positive. So far this was as expected. However, all but two of
the infants reacted negatively to the Dick test irrespective of whether
or not they had antitoxin. Some of the children he was able to
examine further, finding that at six months of age a few had acquired
some susceptibility to the test. Accordingly, he formulated the
hypothesis that susceptibility to scarlet fever toxin differs from the
current conception of susceptibility to bacterial toxins by being an
acquired sensitivity, probably resembling in some ways other types of
hypersusceptibility. By further studies he sought to define this
relationship.
Parenthetically, it may here be remarked that in I924 Blake and
the writer reported on the toxic substance in the blood in scarlet
fever, upholding Dochez's conception of the essential similarity of
scarlet fever and diphtheria. In the discussion that followed Hess
observed that in a certain hospital it was the custom to permit
mothers with scarlet fever to suckle their new-born infants and yet
it was observed that the infants did not contract the disease. He
asked how this could be explained. It would seem that his ques-
tion might now be answered.
Can children who have no antitoxin and are Dick negative suffer
from the septic aspect of scarlatinal infections? Apparently it is
possible. Cooke7 observed four children without humoral antitoxin
infected with Streptococcus scarlatinae in whom the Dick test was
negative and in whom no rash developed during the course of the
infection. We have recently observed a presumably similar case
in a I4 months old baby, who, after contact with scarlet fever in her
sister, developed a fatal hemolytic streptococcus pneumonia.
Throughout the disease no rash was observed, but scarlet fever toxin
was shown to be present in the circulating blood. All of three blood
cultures were negative. It had been shown that the child had a
negative Dick test at the age of two months. Unfortunately, re-
peated tests during the course of the disease were not made.
Whether or not the presence of circulating toxin is harmless
in such circumstances, that is, when the rash is not produced, cannot
at present be answered positively. By analogy from laboratory ani-
mals the toxin should then be harmless.
Further, Cooke8 found that if Dick positive individuals were
given toxin for the purpose of developing an active immunity, their
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Dick test could become negative within a day, long before humoral
antitoxin could be demonstrated.
From these facts and others less obvious, and because of the
relative thermostability of the toxin and its natural limitation of
toxicity to man, Cooke9 feels that the toxin-antitoxin mechanism of
scarlet fever differs from that operative in other toxemias such as
diphtheria and tetanus. He concludes his general review of the
question as follows: "In the foregoing discussion are detailed certain
considerations on which is based presumptive evidence of an impor-
tant factor of hypersensitiveness in scarlet fever. The increasing
difficulties in applying the soluble toxin theory to the phenomena
observed in connection with the disease warrants the serious con-
sideration of another hypothesis."
It is obvious that Cooke has developed an important concept;
but let us inquire more closely into the nature of toxin susceptibility
in the case of diphtheria and tetanus.
In the case ofdiphtheria, a study by Kuttner and Ratner"0 on the
Schick test and humoral diphtheria antitoxin in 50 mothers and
new-born infants resulted similarly to Cooke's study in scarlet fever,
namely, the children possessed or failed to possess diphtheria anti-
toxin in conformity with their mothers. The mothers with anti-
toxin were Schick negative; those without were positive. But the
children without antitoxin either gave weak and evanescent reac-
tions or completely failed to react. The authors were primarily
interested in the placental transmission of antibodies and recorded
this lack of reactivity of the new-born rather as an incidental finding
and laid it to the peculiar histology of the infant's skin. As far
as we know, this aspect of the lack of diphtheria susceptibility has not
been followed up. We know of no reports to show that infants
may have diphtheria toxin in their blood without toxic symptoms,
or even that the usual nasal diphtheria of infants is caused by viru-
lent diphtheria bacilli. Nevertheless, pediatricians in general recog-
nize as a clinical entity the nasal diphtheria of infancy characterized
by its mild course and low mortality.
Park11 noted another fact which does not harmonize with the
current notion of the toxin-antitoxin mechanism in diphtheria. He
attempted the active immunization of the new-born with toxin-
antitoxin by inoculating a series of 2IOO of them on the third, sixth,
and ninth days of life. They were subjected to the Schick test at
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the age of i year. The incidence of negative tests in the inoculated
group was not different from that in a control group. We do not
know if any critical analysis of these findings has been made; but
it is pertinent to say here that Metchnikoff was unable to cause the
production of antitoxin in the case of invertebrates which possessed
a natural immunity to the toxin used (tetanus).
Are diphtheria and tetanus toxins general protoplasmic poisons?
Dochez"2 has told us that diphtheria toxin will stop the motility of
the star fish embryo. However, yeasts grow quite well in these
poisons. Metchnikoff could find no infusoria which were suscep-
tible to them. Likewise, in the higher invertebrates he could find
no evidence of susceptibility to these toxins. He13 says: "Thus
spiders and scorpions are refractory to tetanus toxin. In one experi-
ment I injected into the abdominal cavity of a Mygale from the
Congo (which weighed 7 grams) i cc. of tetanus toxin on two several
occasions. The dose is sufficient to kill, with symptoms of tetanus,
wooO mice of double the weight. The spider kept in the incubator
at 360 C. remained quite well during the two months that the ex-
periment lasted. It exhibited no symptoms, not even transient, of
muscular stiffening, nor any change in its habits and natural func-
tions. The tetanus toxin disappeared from the blood of the Mygale
but the blood at no time showed the slightest antitoxic power against
this poison. . . . In the present imperfect state of our knowl-
edge it is impossible to describe precisely the mechanism of this
immunity."
In the case of tetanus, the new-born develop this disease and
by gross appearances die a typical tetanic death. The disease at
this period of life has a mortality of 90 to 95 per cent. In view of
the typical symptoms that are developed, one must suppose they are
manifestations of the infants' susceptibility to the toxin. One must
admit, therefore, that man is susceptible to tetanus toxin when he
is born, but that does not prove a similar susceptibility when he is
conceived.
No one denies that there are phylogenetic differences in respect to
susceptibility to toxins. This suggestion that in man there is also
a difference in the age of acquisition of susceptibility to these known
bacterial toxins can be put to test. If it should be true, then one
could understand why bacteriologists have been unable to demon-
strate toxins in diseases which physicians have, for a long time,
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asserted to be, clinically, specific toxemias. Thus one can easily
conceive of a bacterial toxin such as would exhibit its toxic action
for man at but a particular immunologic age.
That this method of comparative analysis is applicable to the
study of other features of infectious disease may be illustrated by a
consideration of pneumococcus pneumonia. Let us take, for ex-
ample, pneumonia as caused by the Type I pneumococcus. It is
known that recovery in this disease, in adults, is intimately associated
with the production by the patient of specific agglutinins and protec-
tive bodies; and in fact the serum treatment of the disease is based
upon the assumption that these substances are among the essential
factors of recovery.
In children the same highly virulent pneumococcus causes a
similar, but much milder, pneumonia with a mortality about one-
fourth that seen in adults. Hence, presumably the development of
these specific agglutinins and protective bodies should be a prominent
feature of recovery in the disease in childhood. However, quite
the reverse was found to occur in a small series of cases recently
studied by O'Donovan and Trask.*
To account for this finding one must think about the mechanism of
the disease in quite a new way. Now, unless conceivably these
specific immune bodies are not as significant in recovery at either
period as they have been supposed, it becomes equally attractive to
assume either that adults have lost a method of defense possessed
by children, or that they have acquired a susceptibility to the hypo-
thetical pneumococcus toxin not possessed by children. It might
be pointed out that these two assumptions are not mutually exclusive
and that some combination of them might serve as a reasonable
hypothesis.
Off hand one would say that all the common bacterial infections
show clinical differences at certain ages. Incidence, symptoms,
signs, course, and prognosis vary. These express in part the levels
of susceptibility and the mechanisms of resistance brought into play.
Each time they are reconsidered it becomes more and more obvious
that at one period one feature will be emphasized, at another time
a different aspect receives attention. Finally, it is clear that to
understand infectious disease in man one must study its immuno-
* Unpublished experiments.
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logical basis as it occurs from the prenatal period to old age. It
may be said that wherever a specific infectious disease exhibits a
peculiar feature there one may expect to find some important clue.
For an understanding of disease then, one must study it as it mani-
fests itself throughout the complete cycle of life. The usual hospital
divisions of Obstetrical, Pediatric, Medical, and Surgical clinics exist
for therapeutic and administrative purposes. The boundaries thus
set up deprive physicians ofa stimulating variety of material, obstruct
methods of study, and prevent a proper synthesis of seemingly
isolated facts.
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PROBLEMS CONCERNING THE ORIGIN AND DE-
VELOPMENT OF THE NEURAL CREST AND
CRANIAL GANGLIA IN THE VERTEBRATES
L. S. STONE
In the present period of the history of the science of embryology,
much attention is focused upon its recent advancement due chiefly
to the influence of the introduction of experimental methods in at-
tacking its problems. For the reader who cares to inform himself of
some of the phases of this fascinating and youthful science the
recently published volume Experimental Embryology, by Thomas
Hunt Morgan, will be of great interest.
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